Calculation of extension for off-center attached beads Vertical Magnetic Tweezers configuration (Fig. S6a)
(S1)
where is the distance from the bead axis to the DNA attachment point and can be determined by rotating the bead and fitting a circle to the positions, is the bead radius, and the angle formed by the DNA attachment point and the horizontal plane (Fig. S6A ).
Lateral Magnetic Tweezers configuration (Fig. S6B)
(S4) * * = -( -)cos (S5) * * = + (1 -sin ) + sin (S6) = * * 2 + * * 2
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In the capillary case =0, and assuming the perfect horizontal geometry of the DNA (Fig. 3), and Eq. S4 becomes * * = 0 (S7)
Note that =0 for all the different configurations recovers the simplified scenario with the DNA molecule attached at the central axis of the bead at its lowest point.
Additional calculations for bead-based laminar flow experiments
Maximum Reynolds number in flow-stretch experiments:
The Reynolds number of the system is calculated as: The average velocity along the diameter of the bead is computed integrating the profile as:
In our case, 190 m (the previously obtained value for the equivalent radius), = 0.5 ≈ m and we have considered = 1 m (based on the average value of our experiments).
This gives , so 1% of . Maximum forces are shown in Table 2 . Error bars are the SD. . The use of the correction factor considerably improved the fit to WLC model in off-center attached 2.8 µm beads in vertical pulling. 37 The rotation radius histogram in the case of 2.8 µm beads shows more dispersedly anchored beads than the one for 1 µm beads. Fig. S11 . Schematic home-built TIRF microscope setup. 488 nm laser light (Vortran Stradus) is reflected in a mirror placed in a micrometric stage which can be translated along the axis of incoming light, allowing to switch between TIRF and epi-illumination. A lens (Newport) focuses the beam onto the back focal plane of the objective (Olympus UAPON TIRF 100x). Light from the tweezers LED (Thorlabs) and emitted fluorescence is directed back to the objective, passed through a dichroic mirror and focused on an Andor Ixon Ultra 897 EM-CCD camera (for fluorescence) and Pulnix 6710CL CCD camera (for bright-field microscopy) by a tube lens (Newport). Another dichroic mirror allows the separation of both beams and the signals are subsequently filtered. All filters and dichroic mirrors on the fluorescence path are purchased from Chroma.
